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Biology　of　the　Ectoparasitoid　Wasp　Agrothereutes　lanceolatus
（Hymenoptera：　lchneumonidae）：　Host　Aceeptance　and　Larval
　　　　　　　　　　　　　　Development　on　a　Laboratory　Host

Takatoshi　UENO“

Institute　of　Biological　Control，　Faculty　of　Agriculture，　Kyushu　University，

　　　　　　　　　　　　　　　　Fukuoka　8，12－8581，Japan

　　　　　（Receizped　，fune　28，　200keop　a，nd　accepted　」？xty　．19，　9002）

　　　A．qTo，　therezctes　lanceotatzLs　is　a　cornrnon　parasitoid　attacking　several　woodland　and

orchard　1epidopteran　pests　in　Japan．　This　study　was　undertaken　to　examine　development　o’ ?@A．

tanceotatzt，s　when　Galee’rz’a　meltoneLta　was　ug．　ed　as　a　laboratory　host．　Both　wild一｛：aught　and

laboratoi　y－reared　females　readily　accepted　G．　melLonetla　cocoons　for　attack　and　oviposition．

The　peraentage　successful　parasitism　was　ovcsr　800／o，　suggesting　that　G．　mettonella・　was　a　very

suitable　host　for　A．　lanceolatus．　The　parasitoid　was　a　solitary　＄pecies：　Under　superparasitism

lethal　coxnpetition　among　early　instars　took　piace，　and　only　one　parasitoid　de．　ve．　loped　to　an

adulthood，　although　two　parasitoid　offspring　emerged　in　somre　exceptional　cases．　Female　A．

lanceolat’ettsc　also　accepted　ho，　st　cocoons　containing　pupae　of　the　parasitoid　Mmpea　ntpponica

（lchneum（／）nidae）　for　oviposition，　and　the　offspring　developed　successfully　as　a　hyperparasitoid．

This　suggested　that　A．　latnew，　olatzes　was　a　facultative　hyperparag．　itoid．

INTRODUCTION
　　　Agrotherezetes　Lanceolatzes　Walker　is　a　parasitic　wasp　distributed　in　East　Asia

（Townes　et　al．，　1965）．　lt　belongs　to　the　＄ubfamiliy　Phygadeuontinae　of　lchneumonidae

（Hymenopt¢ra）．　A．　lancθotatzt8　is　known　to　attack　mature　iarvae，　prep叩ae　and　pupae　of

several　tortoricids　and　pyralids　（Lepidoptera），　including　some　important　pests　such　as

Chito　s2Lmpressalis　Walker，　Gtyphodes　p？ytoalis　Walkeir，　and　Homona　magnanim，a

Diakonoff　（Yasumatsu　and　Watanabe，　1964；　Townes　et　al，．，　1965；　Mao　and　Kunimi，　1991；

Ueno，　1999），　Given　that　A．　1，cr，nceoLatzes　isa　very　common　parasitoid　throughout　Japan，　it

may　play　an　important　role　in　suppressing　such　lepidopteran　pests．　However，　the

potential　of　A．　lanceolatzes　as　a　natural　enemy　of　these　lepidopterous　pests　is　not　known．

Genera｝　biology　ofA．　Lctnceoldttzes　also　has　poorly　been　investigated　so　far　（Ueno，　1999）．

　　　This　study　is　one　of　a　series　dealmg　with　bionomics　of　A．　la7zceolcttus．　and　concerns

host　acceptance　and　larval　development　o，f　A．　lanceolntus．　Specifically，　experiments

were　condueted　to　determine　development　mode　and　tirne　of　A．　lanceolatzes　in　the

laboratory．　Exarnination　of　developmental　characteristies　of　the　parasitoict　would　provide

essential　information　aboutthe　basic　biology　of　A．　tanceolcr，tms．

　　　Suitabilit：　of　a　factitious　host　was　also　assessed　for　rearing　of　A．　Lctncreolat2Ls．　Given

that　natural　hosts　of　A．　tanceoeatzLs　are　difficult　to　mass－rear　in　the　laberatory，　use　of　a

factitious　host　would　be　ideal　for　rearing　the　parasitoid．　Therefore，　in　this　study，　GalLeTi（z

mellonetta　（1，」．）　（Lepidoptera：　Pyralidae）　was　used　as　a　candidate　laboratory　host．　G
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mellonella　was　selected　beeause　it　is　easy　to　mass－rear　and　becaus　e　it　is　known　as　a

suitable　laboratory　host　for　a　number　of　ichneurnonid　parasitoids　（e．g．　Sandlan，　1982；

Uefto　and　Tanaka，　1994）．　Thus，　acceptability　of　G　meteonetta　for　A，　lanceolntzes　and

parasiもoid　offsp血9　surviva1　oxx　G．　wbe9・to？zeha　were　examiRedも◎assess　host　suita髄もy．

MATERIALS　AND　METHODS
互盤sect　e猛至tures　a薮d　ge鍵era議1塗ethods

　　　A　culture　of　A．　lanceogat？ms　was　establi＄hed　in　the　｝aboratory　frera　adi，ik　pa’r3sitoids

collected　in　the　campus　of　Nagoya　University，　central　Japan　and　Fukuoka　eity，　Kyushu，

Japan．　Cocoons　containing　prepupae　of　GalleTia　meleonella　（L．）　（Lepidoptera：

Pyralidae）　were　used　as　a　laboratory　hostto　rear　the　parasitoid．

　　　Nevvl，：　emerged　femg｝e　parasitoids　were　placed　in　p｝asti¢　cups　（IOem　in　diameter，　4．5

cm血hei帥t）and　were　paired　with　males．　Adult　parasitoids　we犯prO．vided　wi甑aho鍛ey

solution　in　tissue　papers　placed　in　the　cups，　and　t．he　papers　were　replaced　twice　a　week．

The　colony　was　rnaintained　at　constant　200C　and　a　photoperiod　of　16L：8D．

　　　Fer　ail　expetments，　｝aboratory－reared　ferriale　parasito．ids　（lr”2　or　F3）　were　selected

for　similarity　in　size　aRd　were　6－7　days　old　uniess　othezzwise　stated．　G　meglenegta　larvae

were　reared　on　an　artificial　diet　at　30－33　eC，　and　the　ctocoons　containing　prepupae　were

used　in　experiments．

盈ost　aeceptab銃謎；y

　　　The　aim　of　this　experiment　was　to　examiRe　whether　G．　meggo？zella　was　accepted　3s

host．　For　this　purpose，　wild－caught　female　A．　lanceolutzLs　was　provided　with　G．

mellonella　cocoons，　and　females’　response　to　the　cocoon　was　observed．　Response　by

laboratory－reared　female　parasitoids　was　also　obseived．　Parasitoids　collected　at　Nagoya

and　Fllkuoka　（see　abov’e）　were　used　for　te＄tiRg．　The　3ge　of　wild－ea“gkt　fer｛｝，a｝es　was

unknown，　and　they　were　used　for　testtng　2－3　days　after　collection．　One　day　before　test，

both　wild－caught　and　laboratory－reared　females　were　allowed　access　two　host　cocoons

for　30　mm．

　　　Each　fefriale　parasitoid　in　the　cup　was　provided　with　two　host　cocoons，　and　the

behavioral　respoRse　wa＄　coRtinuously　observed．　WheR　a　fema｝e　encourKered　a　host

cocoon，　her　response　was　carefully．　observed　and　noted．　When　hosts　were　atta¢ked，

whether　a　female　oviposited　on，　or　rejected，　a　host　after　drruing　into　the　host　was　eon－

firmed　by　observing　the　base　of　her　ovipo＄itor．under　a　binocular　microscope．　lt　is

possib｝e　te　see　aR　egg　passing　through　the　base　of　the　ovipositgr　of　A．　eanceoeatzes　du’rm’　g

oviposition　under　a　binocular　microscope，　as　with　other　ichReumonid　wasps　（Qui¢ke，

1997）．　Hosts　attacked　by　A．　lanceolatzcs　were　dissected　to　examine　where　eggs　were

p｝aced　（i．e．　on　host　body　surface　or　within　host　body）．

Larval　development
　　　This　experiment　was　designed　to　examme　offspring　parasitoid　development．　Host

cocoons　were　singly．　offered　for　female．　parasitoids　and　were　observed　for　single　para－

sitism．　Parasitized　hosts　were　coliected　and　were　placed　singly　in　plastic　cups　（4．5　cm　in

diaraeter，　3．Ocra　in　heig｝｝t）．　The　cups　were　kept　at　constant　250C　and　a　photeperiod　of
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16L：8D．　Daily　ob＄ervations　were　made　at　24　h　intervals　to　check　the　day　of　emergence　of

parasj，to．　id　offspring．

Superparasitism　and　larval　competition
　　　Thi，s　experinient　was　conducted　to　exarnine　the　results　of　multiple　egg　deposition　on

single　host　individuals　in　parasitoid　development．　Fresh　host　cocoons　were　sngly　pre－

sented　to　female　parasitoids　for　ovipog，　it，ion．　After　single　oviposition　on　each　host　cocoon

had　been　confirmed，　the　eocoon　was　removed　and　was　presented　to　another　female

parasitoid　for　superparasitism　after　1－3　min　of　the　first　parasitism．　When　the　＄econd

oviposition　（＝superparasitism）　was　confirmed，　host　cocoong．　superparasitized　were　used

for　the　expertment，　Superparasitized　hosts　were　placed　singly　in　plastic　cups　（4，5cm　in

diameter，　3．0　cm　in　height）　and　were　kept　at　25　rimm－O．57C　with　a　photoperiod　of　16L：8D　for

para＄itoid　emergence．　The　day　that　parasitoids　emerged　was　recorded．　Hosts　were　kept

up　to　20－25　days　since　para＄itism，　and　those　that　had　not　produced　any　parasitoids　were

dissected　under　a　binocular　microscope．

Facultative　hy：pe叩arasiti8m

　　　Test　was　conducted　to　assess　whether　A．　Ictnceolcttzes　could　be　a　facultative　hyper－

parasitoid．　For　tl’ris　purpose，　G　mellcmetla　cocoons　parasitized　by　a　prirnary　parasitoid

were　offered　to　female　A．　tanceoLatzes　and　its　response　to　the　cocoons　was　observed．

When　eocoons　were　hyperparasitized，　the　cocoon＄　were　reared　as　mentioned　above．

　　　Aff　a　primary　parasitoid，　the　solitary　pupal　endoparasitoj，d　Pimpta　ntpponica　Uchida

（lchneumonidae），　which　is　eommonly　found　to　coexist　with　A．　lanceolatzLs，　was　used．

Host　cQcoons　corltai血ng　pupae　were　allowed　to　be　parasitized．　by　P．γ口縄ρ07z乞。α，　and　were

used　for　testing　when　P．　nmpponica　was　at　the　pupal　stage．

Data　analysis
　　　Analysis　of　variance　（ANOVA）　was　applied　to　examne　effect　of　the　parasitoid　＄ex　on

parasitoid　developrnent　time．　Other　data　were　analyzed　with　chi－squared　tests．　JMP

（SAS　lnstitute，　1997）　was　used　for　statistical　analyses．

RESULTS　AND　DISCUSSION

Host　aceeptability
　　　Because　natural　hosts　used　by　A．　lanceoLatzes　are　difficult　to　mass－rear，　an　alter－

native　lhost　for　laboratory－rearing　of　A．　lanceolat？ths　is　required，　ln　the　present　study，　G．

mello7？，etla　was　used　as　a　candidate　laboratory　host，　testing　its　suitabdity　for　rea’rm’　g　the

parasitoid．　The　results　demonstrated　that　it　was　readily　aecepted　by　A．　lctnceolatzt，s　for

attack　a［nd　oviposition　（Table　1）．

　　　Wild－caught　A．　lanceotatzes　recognized　and　attacked　host　cocoons　presented．　Host

cocoons　once　attacked　were　mostly　parasitized　（Table　1），　and　each　parasitized　host

receivR．，　d　only　one　parasitoid　egg．　Parasitoid　eggs　were　foun，d　on　the　surface　of　host　pre－

pupae　within　the　cocoons．　Occasionally　hosts　were　used　for　host－feeding．

　　　Likewise，　most　laboratory－reared　females　accepted　G．　mellonelta　cocoons　for

oviposition　（Table　1）．　Female　A．　LanceolcttzLs　laid　one　egg　on　each　hos．　t．　No　difference
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Table　1． Acceptability　of　a　factitious　laboratory　host，　G．

and　laboratory－reared　A．　lanceolatus

meltonetta，　for　wild－caught

GeRerat．ion Strain N　ef　fernales O／o　attacked’ o／o　oviposited＊

Wild－caught

Reared
Wild－caugl）t

Reared

Nagoya
Nagoya
Fukuoka
Fukuoka

2
0
7
∩
0

1
9
自
　
　
－

87．Dr

97．5

100

100

100

92．3

92．9

96．2

’　e／o　of　hosts　attaeked＝Niimber　of　hosts　probed　with　the　ovipositor／Total　number　of

hosts　given　to　each　female　parasitoid．　O／o　of　hosts　oviposited＝Number　of　hosts

oviposited／Number　of　hosts　attacked　by　female　parasitoids．　No　significant

　differeRce　was　detected　iR　the　percentages　of　hosts　attacked　or　oviposited

　（chi－squared　test，　P＞O．05）．　M　parasitized　（＝oviposited）　hosts　received　one　egg

　with　no　exception．

was　found　in　the　percentages　attack　and　oviposition　depending　on　parasitoid　generations

aRd　localities　from　which　A．　lanceogatzes　was　originated　（Table　1）．

　　　Although　G．　metlonelLa　was　not　a　natural　host　for　A．　lanceoLatzLs，　the　female　readily

recognized　and　attacked　it．　This　may　be　because　G　mellonetta　cocoons　share　some　of

host　cues　that　are　used　by　A．　lanceotatzes　for　host　recognition．　A　likely　cue　that　is　in

common　could　be　the　morphology　of　‘cocoon’．　Parasitoids　use　a　combination　of　different

cues　to　recognize　their　host，　and　host　physical　features　are　among　the　cues　（Vinson，

1976；　Arthur，　1981；　Quicke，　1997）．

　　　Some　ichneumonid　parasitoids　of　Lepidoptera　attack　artificial　hosts　that　morphologi－

cally　r｛iia｝ic　iRsect　‘cocooRs’　（e．g．　Henaut　and　Guerdoux，　1982）．　Likewise，　the　iclmeu－

monid　A．　LanceolatzLs　shows　an　interest　in　a　white　paper　tube　or　cotton　pad，　which

mimics　a　‘cocoon’，　and　often　probes　such　a　tube　or　pad　with　the　ovipositor　（Ueno，　unpub－

lished）．　This　suggests　that　A．　LanceolatzLs　uses　at　ieast　in　part　physical　cues　that　are　in

common　among　insect　cocoons，　to　recognize　the　host．　Although　G．　meltonelZa　is　a　factiti－

ous　host，　the　morphology　of　the　cocoons　itself　may　cause　ovipesitor　probing　by　A．

lanceolatzes．

Larval　developmeRt
　　　Parasitized　G．　mellonetla　cocoons　mostly　produced　offspring　A．　tanceolatzLs　（para－

sitoid　production＞　800／o）　indicating　that　G．　mellonella　was　highly　suitable　for　A．

lanceolatzes　larval　development　（Table　2）．　With　no　exception，　A．　LanceolatzLs　developed

Table　2．　Host　suitability　of　a　factitious　laboratory　host，　G．　meltonella，　for　A．　tanceolatzLtg

Strain N　of　hosts
O／o　hosts　producing

parasitoids＊

Developmental

rRode　of　parasitoids

Nagoya
Fukuoka

8
A
b

O
F
D

1
ρ
O
Q
り

O
Q
り
8
8

Ectoparasitic

Ectoparasitic

＊　No　significant　difference　was　detected　in　the　percentages　of　hosts　producing

parasitoid　offspring　（＝offspring　survival）　between　the　strains　of　A．　lanceoLatzcs

　（chi－squared　test，　P　〉　O．05）．
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as　an　ectoparasitoid，　feeding　on　host　prepupae　from　extemal　positions　of　the　hosts　（Table

2）．

　　　The　results　＄howed　that　a　factitious　he＄t，　G．　7meegonegga，　is　highly　suitab｝e　for　reariRg

◎f孟，嬬㈱嬬襯n艶㎜sof　accepta臆ty　to　the　adult　£emale（Table　1）a簑d　o鐸spri㎎
pr（）（沁cti（）数（Tab玉．e　2）。σ．矯ε認。鴛θ麗磁is　w重dely艶。◎9瓢聡d　as　a　go（）d　lab◎ra恵く）取h◎sも致）r

reartng　a　membeer　of　parasitgid＄　（e．g．　SaRdlaR，　1982；　UeRe　and　Tak3ka，　1994），　axd　this　is

th鷺　case　f〕（）rノ隻．　‘（葱？乙君θ0‘α勲艶5．　The　r命＄租薩ts　a1S◎　hav《｝C◎rL践撒ed　もhaもノ隻．　9α？36809α、毅ム3　i＄　ar【

ect（）parasiもoid　wasp　like◎もher　me曲曾rs　of　Phygad¢疑醜熱欲e　oHc㎞e㎜onidae．

　　　Male　wasps　had　a　meaR　development　tirrte　ef　14．70：’ibl’O．17　（±SE）　days　with　values

ranging　13　to　19　days．　Female　deveiopment　time　ranged　from　15　to　18　days　with　a　raean

of　16．12士：0．18（±SE）days．　ANOVA　revealed　that　males　devei．oped　sigr亘ficantly　faster

than　females　（N＝70，　df＝2，　F＝31．10，　P〈O．OOOI）　（Table　3）．　Faster　development　in　male

parasitoids　than　females　has　widely　been　reported　for　many　parasitoids　（Ueno　and

Tanaka，　1994；　Quicke，　1997）．

Table　3．　Development　time　of　male　and　fernale　A．　lanceotatus　（Nagoya　strain）　when

　　　　　　　reared　on　G．　meClonella

Sex　ef　parasitoids N Development　time　（day）＊

Male

Fem滋¢ 7
3
3
3

14．7　±　O．17

16．1：：irO．18

＊Daもa聡re　sh◎職as聡a轟±S鷺。　Fereales　re麟reδsigPificaxtly夏登◎r醗漁e船
cerap｝ege　the　develgpraekt　（froma　egg　to　eirfter＆seRce）　thaR　males　（ANOVA，　P〈

o．ggcl）．

Supe叩arasitism　and　larval　competition
　　　The　results　eonfirmed　that　A．　eanceoeatzLs　was　a　solitary　species　（Table　4）；　even

when　two　eggs　were　laid　on　a　single　host　individual，　only　one　parasitoid　matured　and

developed　to　an　adulthood．　Offspring　survival　was　not　reduced　due　to　superparasitism

（Table　4）．　Dissection　of　superparasit，ized　hosts　after　para＄itoid　emergence　suggested　that

one　immature　parasitoid　died　raostly　during　its　early　stages　of　development　（i．e．　egg　or

first，　instar）．　Competition　between　two　developing　A．　lanceoLatzes　may　occur　withir’i　the

early　stages　at　least　when　superparasitism　（i．e．　the　second　parasitism）　takes　place　shortly

after　the　first　parasitism．　This，　pattern　of　larval　competition　is　frequently　observed　for　a

number　of　solitary　parasitoids　（Mackauer，　1990；　Quicke，　1997）．

　　　In　solitary　parasitoids，　two　or　more　mmature　parasitoids　rarely　developed　to　middle

or　late　instars；　oniy　oRe　wiimer　of　competition　car｛　develop　to　a　middle　instar　or　more，　aRd

losers　died　most｝y　during　egg　or　fust　instar　stage　（Macka“er，　1990）．　IR　A．　gatnceolatzts，

h◎w¢ve準here　w¢re　f◎鷲r　cas¢s㎞w短ch伽◎mid（灘e　i簸甑r至＆r職e（慧ed。　This　s経99磯ed

もhat　scra瓢ble　rathef　than　c◎蓑もext　CO獄peも童．娠On　co猿玉d◎CCasi（）嚢a難．y　ocCgr，　thα．ユ．gh　C（）難もext

type　competitioR　durirtg　the　ear｝y　stage　ef　developmeRt　is　the　general　rnie．

　　　In　two　cases，　successful　superparasitism　was　found；　two　parasitoid　offspring　eraerged

frora　a　single　host　iRdividual　（［1］able　4）．　ln　eRdoparasitord　wasps　suecessful　superpara一
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Tab｝e　4． Effeet．　of　supeyparasitism　oii　prod：ctioit　of　payasitcid　offspring　iR　A．　ga？’eceo－

latus

Para＄1もls搬 脇◎ε飴pri捻g　s繋rv呈va叢＊
O／o　multiple　parasitoid

production＊＊

Singie

Superparaskism

8
（
δ

4
ρ
◎

9
耐
◎

Q
り
5

7
・
7
霧

3．9

＊　There　w’as　no　sigitMcant　dijrference　iii　the　pe’rceRtages　（chi－squared　test，，　P＞

　　O．05）．

＊“　｝’ercentage　of　hosts　that　produced　two　parasitoici　offspring．

sitism　is　extremely　rare　while　in　ectoparasitoid　wasps　succes＄ful　superparasitism

occasioRally　takes　p｝ace．　Factors　ca“sii’ig　this　difference　are　ftot　kriown．　Mechanism　and

process　of　cempetitioR　inight　differ　betweeR　ecto一　and　er｛cloparasitolds．

Hyperparasitism
　　　Merabers　cf　the　genus　Agrothereutes　belonging　to　｝’hygadeuoritinae　are　khown　as

priinary　ectoparasitoids，　attacking　principal｝y　Lepidoptera　（TowRes　et　ag．，　1965）．

However，　atleast；　some　of　them　may　also　be　facultative　hyperparasitoids　（Shiotsu　and

Arakawa，　1982）．

　　　IR　’tke　present　paper，　a　｝aboratory　experirneRt　was　conducted　to　examine　whether　A．

lanceolatzts　cou｝d　be　a　facultative　hyperparasitoid．　The　experlmeRg　has　revealed　that　A．

lanceolatzLs　attacks　and　oviposits　on　pupae　of　the　primary　endoparasiPoid　MmpLa

nt　pjpontca　within　host　pupae　and　is　able　to　develop　successfully　（［1”able　5）．　This　i＄　the

first　expetmieRtal　evidence　t’hat　Agrothevezetes　species　ean　be　a　hyperparasitoi，d　of　other

hymenepteraRs．　Nthough　hostt　records　suggest　thi＄　parasitoid　is　a　primary　parasitoid　ef

Lepidoptera　（Yasumatsu　and　Watanabe，　1964；　Townes　et一　al．，　1965），　the　potential　host

range　could　be　wider　due　to　facultative　hyperparasitism．

Table　5．　Facultative　hyperparasitism　by　A．　tanceolatzLs

Host N o／）　parasitized　“ O／o　offspring　production　＊

G．　7）zeltonella

P．難毎）四目α濃墳 5
3

2
9
9

0
6

ρ
0
9
臼

Q
σ
0
◎ 3

7
3
3

8
ワ
匪

＊　No　signMcartt　ewiference　was　detected　between　the　groups　（chi－squared　test，　P＞

　　O．05）．

““　Pupa　of　the　ic｝meumonid　endoparasitoid　f’，　nipx）onica　withirt　G．　mellonellcr，　pupa

　　旧識。三〇sed無㈱eoc◎◎熟was．雛sed　fOr　testutg．
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